The shoulder region has the highest incidence of acute injuries in the sport of surfing.
Introduction

27
Over the past 14 years, global involvement in the sport of surfing has more than tripled, from an 
59
The prospective studies discussed above provide the evidence that strength ratio's play a role in 60 determining athletes at risk of shoulder injury. In addition to this, several studies have conducted 
69
It needs to be noted that when strength profiling is conducted at the shoulder it is done in a sport 70 specific position meaning it is similar to how the contractile tissue is stressed during the required 71 activity. For example, the study conducted by Hurd, Kaplan, Eiattrache, Jobe, Morrey and Kaufman
72
[11] conducted on baseball pitchers utilised a position of testing where the individual was in an 
77
Despite shoulder strength ratio's being investigated in some sports, there are no studies which 78 assesses shoulder internal or external rotation strength in a surfing cohort. At a minimum it would 79 seem appropriate to establish a rotator strength profile at the shoulder for a competitive surfing 80 cohort to aid clinicians in decision making when treating surfers. Therefore, the primary aim of this 81 study was to establish the reliability of a rotator cuff strength testing procedure for surfers with a 
Materials and Methods
85
Reliability Phase
86
Reliability testing was conducted in a control group prior to implementing the testing procedure 177.10 ± 9.02 m) subjects were used to establish intra rater reliability and a subset of 12 (9 males and 89 3 females; 26.00 ± 3.81 yrs, 78.10 ± 12.57 kg, 177.68 ± 9.47 m) subjects were used to establish inter rater 90 reliability of the testing procedure. The two physiological movements of IR and ER across the 91 shoulder were examined. The testing order was computer randomized for examiner order, test side
92
(right or left), and movement order. To avoid bias, both examiners and participants were blinded to 3 of 10 examiners, equipment and procedure is outlined in the preceding section and was replicated for the 97 reliability portion of the study.
99
Subjects
100
A total of 13 competitive surfers (9 males and 4 females, 24.1 ± 6.9 yrs, 71.0 ± 8.6 kg and 176.8 ± 
105
Centre and were asked to complete a subjective questionnaire detailing anthropometrics, training 106 habits, surfing history, and injury history prior to undertaking the study. For inclusion within the 107 study, subjects were required to be injury free at the time of testing, be currently engaged in surfing 108 as a primary sport and currently engaged in competitive surfing. 
124
Testing Positions
125
The testing position used to assess shoulder external and internal rotation isometric strength 
131
The examiner maintained a forward lunge position on the ground with the HHD placed in 132 examiners hand closest to the plinth while testing, with the examiner's elbow fixed against the 133 anterior aspect of the hip. This position reduces the possibility of the examiner being overcome by 134 the subject and minimizing examiner fatigue. The non-testing hand of examiner was then used to 135 stabilize the subjects elbow to limit compensatory abduction, adduction of the glenohumeral joint.
136
The HHD was placed 2cm proximal to the ulnar styloid on either the ventral (internal rotation) or 137 dorsal (external rotation) aspect of the subjects' distal forearm [13] . 
149
Testing Procedure
150
The physiological movement of shoulder IR and ER of was assessed in all subjects. The testing 
155
for each movement were measured from the Lateral epicondyle to 2cm proximal to ulna styloid.
157
To familiarise the subject with the movement the examiner first passively moved the limb to be 
178
"excellent reliability" and values between 0.5 and 0.7 indicate "fair to good reliability". For inter-rater 179 reliability a two-way mixed model was used using average measures of rater 1 and rater 2 (ICC 3,2).
180
Similarly, intra-rater reliability was determined using a two way mixed model incorporating single [18] . Scores between 0.00 and 0.49 represented a trivial effect [19] . 
200
Reliability Phase
201
Reliability analysis was conducted using ICC and SEM and are presented within Table 1 .
202
Relative reliability was expressed using ICC values which were all within the excellent ranges
203
according to Lexell and Downham [15] . Values ranged from 0.97 to 0.98 for intra rater reliability and
204
were lower for inter rater reliability ranging from 0.80 to 0.91. Absolute relative reliability was 205 expressed using SEM which ranged from 7.08 to 7.35 newtons for intra rater reliability and were
206
higher for inter rater reliability ranging from 8.88 to 24.00 newtons 207 208 
271
authors recommend that the when using the protocol described within the current study that the 272 same clinician should both assess and monitor an athlete over time.
273
The secondary aim of this study was to to provide a profile for internal and external rotation 274 strength in a competitive surfing cohort. To the authors knowledge this is the first study to provide 275 information specific to isometric strength at the shoulder in a surfing cohort and given the activity 276 requirements and high incidence of shoulder injuries, this information may be useful for both 277 enhancing performance and reducing injuries.
278
The current results revealed normalised strength values of IR and ER isometric strength 279 ranging from 1.6 to 2.1 N/Kg within a competitive surfing cohort of both males and females. There
280
are similarities in the current results to previously published normative data studies using HHD. 
326
This study has identified symmetry between sides in the internal rotators and significantly
327
weaker external rotators more specifically the non-dominant arm. Given these findings the authors 328 recommend the described assessment methods to routinely assess athletes who surf. Where 329 asymmetry is identified specific strengthening, exercises should be promoted to address the 330 identified weaknesses. In the case of this study specific strengthening exercises should be targeted
331
to the external rotators to promote a more symmetrical profile and a ER to IR ratio closer to 1, as 332 asymmetry and lower ER to IR ratios have been identified as risk factors for injury [7, 8] 
333
A limitation of this study is the small sample size and the subsequent necessity to combine 334 both females and males into one cohort. 
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